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ABSTRACT 
The nature and specificity of antibody formation to human papilloma virus was studied 
with sera from patients with warts. Sera were fractionated by molecular sieve chromatogra-
phy and the immunoglobulin fractions were tested against purified virions and viral 
components. Sera from seven of 33 patients contained precipitating antibodies of the IgG 
class, and one serum also contained lgM antibodies . Antibody was directed toward the 
major structural protein of the viral capsid. 
The clinical course of human skin warts is 
variable. Warts may disappear within several 
months, persist for years, or regress and reappear 
·'1 the same or new locations [1 ]. Several factors 
-.;ggest that host immunity may control wart 
,7ession: lesions occur most frequently in chil-
h·en [2 ]; warts proliferate in an uncontrolled 
tashion in some patients treated with immunosup-
pressive drugs [3 ]; and regression frequently fol-
lows trauma to a single lesion [1 ]. The immune 
response, if responsible for the biologic control or 
regression of warts, could be directed towards 
tumor-specific tissue antigens or structural anti-
gens of the virions. 
Almeida and co-workers [4, 5] first observed 
humoral immune responses to human papilloma 
virus in patients with warts, but they were unable 
to correlate the presence of antibody with regres -
sion. They reported that patients' sera contained 
largely immunoglobulin M (lgM) antibodies to 
virus [5 ], and postulated that lgM type antibody 
would not be protective or induce regression. 
Genner [6] and Ogilvie [7] have confirmed both 
the presence of antiviral antibodies in patients 
and the apparent lack of clinical significance 
using more sensitive complement fixation and 
passive hemagglutination techniques. 
The observations of antibodies to human papil-
loma virus were made using crude homogenates of 
wart tissue as antigens and whole serum as 
antibody. We reexamined the question of viral 
antibodies using purified virions, virion compo-
nents, and fractionated human sera. These stud-
ies demonstrated antibody of the lgG class di-
rected to the major structural protein of the virion 
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in all patients with measurable precipitating an-
tiviral antibody. 
MATERIALS AND METHODS 
Human papilloma virus was obtained from parings of 
plantar warts; the parings were pooled and stored at 
-90° C. Purified virions were prepared by mincing 
parings in phosphate buffered saline (PBS) (pH 7.4) 
before grinding in a mortar with silicon carbide (grit 120 
obtained from Buehler Ltd., Evanston, Illinois). Par-
ticulate wart tissue and silicon were removed by centrif-
ugation at 25,000 x g for 15 min, and the virions were 
pelleted from the supernatant by centrifugation at 
175,000 x g for 60 min. The virus pellet was resuspended 
in a small volume of PBS and centrifuged on preformed 
gradients of cesium chloride (density 1.2 to 1.4 gm/cc) at 
95,000 x g for 4 hr. The gradients were separated into 
serial fractions, and opalescent fractions were examined 
in the electron microscope after negative staining with 
1% phosphotungstic acid [8 ]. 
Specimens of whole blood were obtained from patients 
by venepuncture and the serum was separated by 
centrifugation and stored at 4 ° C. Sera found to contain 
antibody to whole virus were applied to columns of 
Sephadex G200 (Pharmacia, Uppsala, Sweden) (100 x 5 
em) run by upward flow, 30 ml/hr, with Tris-HCI buffer 
[9 ]. Fractions were collected and the protein content of 
the effluent monitored with an LKB Uvicord at 280 nm. 
Fractions containing lgG and lgM were pooled sepa-
rately and analyzed by immunoelectrophoresis [10 ]. 
Acrylamide gel electrophoresis was performed on 
samples of purified whole virions and fractions obtained 
from cesium chloride gradients [11, 12]. Viral proteins 
were precipitated in trichloracetic acid and dissociated 
by boiling for 1 min in a solution of 1% sodium dodecyl 
sulfate (SDS) and 200 mM 2-mercaptoethanol. SDS-
disc gels [13] containing 13% acrylamide were run at 90 
volts for 4 hr; gels were fixed and stained with 0.2% 
Coomassie blue in 7% acetic acid and 50% methanol. 
The virion structural proteins were separated by frac-
tional elution from a 20-cm disc gel cut into 100 
segments. The eluted fractions were studied individually 
on acrylamide slab gels, and fractions containing the 
major structural protein were pooled. 
Adult rabbits were immunized with purified whole 
virions (estimated 1.0 mgm of whole virions) admixed 
with complete Freund's adjuvant administered in di-
vided doses into the foot pads. Bleedings were obtained 3 
to 10 weeks after immunization for use in immunologic 
studies. Samples of serum, purified immunoglobulins, 
purified whole virions, and isolated viral proteins were 
308 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
Whole 
Serum 
IgG 
FIG. l. Double diffusion in agarose gel. Lower well (virus) contained purified whole virions. The other wells 
contained serum and separated immunoglobulin fractions from a single pati ent . 
studied by Ouchterlony double diffusion in 0.6% agarose 
plates [14]. Count.erimmunoelectrophoresis was per-
formed in 0.05 M Verona] buffer , pH 8.4, with purified 
virions initially located in an anoda l position [15]. 
RESULTS 
Sera from :~3 patients with wart s were tested by 
immunodiffusion against purified human papil -
loma virus and seven conta ined precipitating 
antibody to whole virions. In gel diffusion all 
seven sera f(Jrmed a strong arc of precipitation 
with a very faint second arc occasionally visible. 
Arcs of precipitation formed lines of identity with 
sera from cert ain patients and an tisera prepared 
in rabbits to purified whole virions, hut s purring 
and failure of a rcs to connect were observed in 
several instances. Ten sera from patients with 
negative Ouchterlony tests were studied by co un -
terimmunoelectrophoresis, and none of the nega -
tive sera formed arcs of precipitation with virions. 
The seven pos itive sera were fractionated on 
columns of Sephadex G200, and fract ions were 
obtained which were demonstrated by immuno -
electrophoresis to contain immunoglobulins ofthe 
IgG and IgM class. The IgG and lgM fraction~ 
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.FIG. 2. Schematic representation of cesium chloride 
ultracentrifugation gradient purificat ion of human pap-
illoma virus. 
from each sera were tested in gel diffusion. and all 
seven sera con tained IgG class antibody to the 
whole virions . The serum from one patient also 
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FIG. 4. Acrylamide disc electrophoresis of fractions 
from cesium chloride gradient. Gel 1 from main band of 
whole virions. Gel 2 from hand containing empty virions. 
Arrow points to major structural protein. 
ble. an exact determination of the molecular 
weight of the viral proteins could not be made. By 
using several non-radioactive protein standards , 
we have been able to estimate, however, that the 
majority of the virion protein migrates as a single 
polypeptide of molecular weight 5:3,000. Patterns 
obtained from the two bands of whole virions 
appeared identical (gel l ), but patterns obtained 
from empty virions lacked tbree low molecular 
weigbt proteins (gel 2). The major structural 
virion protein (arrow in Fig. 4) was eluted from 
crushed segments of a single acrylamide disc gel 
and tested as an antigen in gel diffusion. This 
protein was reactive with the seven positive 
human sera and sera from two rabbits immunized 
with purified virions (Fig. 5). Occasionally two 
arcs of precipitation or failure of adjacent arcs to 
connect were observed with the major structural 
protein. 
D!SCUSSIOI'\ 
Antibody to human papilloma virus has been 
reported in 20-50 percent of patients witb warts 
[4, 6, 7] and in immunized rabbits [16 ]. Rabbits 
were immunized with virions purified by sucrose 
density gradient, but in studies of human anti-
bodies only saline homogenates of wart tissue were 
used. In our studies, with purified virions, seven of 
:33 patients (21'7r) demonstrated levels of antibody 
detectable by gel diffusion. This sample. although 
small, corresponds to the percentages of positive 
sera in patients studied by Germer [6] and Ogilvie 
[7] by more sensitive immunologic methods. Fur-
thermore, the results obtained by simple gel 
diffusion correlated well with the more sensitive 
counterimmunoelectrophoresis method ]. 
The seven patients with measurable viral im-
munity were found to have antibody of the IgG 
class. This finding confirms that of Ogilvie [7 J, 
but is contrary to the original observations of Goffe 
et a! [5]. This may be explained by the fact that 
the latter authors did not fractionate sera but 
judged antibody class by suseptibility to reduc -
t ion with mercaptoethanol. Golfe et al argued 
from their data that the spontaneous resolution of 
warts could not be correlated with viral immunity 
because IgM antibody could not readily diffuse to 
the warts, but the regular presence of lgG anti-
body in our patients mitigates against this argu-
ment. To actually correlate antibody response to 
wart proliferation or regression requires a careful 
prospective study. which is now in progress in our 
department. Such a study must include an evalu-
ation of cell-mediated immunity to viral antigens. 
The structural proteins of human papilloma 
virus have been characterized by acrylamide gel 
electrophoresis'!, and are similar in pattern to the 
proteins of related papova viruses except that the 
major papilloma peptide has a molecular weight 
of 5:l,OOO, while that of polyoma polypeptide is 
48,000 [17 ]. The major structural protein unit of 
the virion could be eluted from SDS acrylamide 
gels, and despite its partial denaturation with 
SDS, it reacted in gel diffusion in a manner 
identical to the whole virions. Theref()re, it ap-
pears that human antibody and experimentally 
induced antibody in rabbits is directed toward 
this structural virion protein. Occasionally rabbits 
and human sera showed a second tamt !me o! 
precipitation. or spurring was noted between adja-
cent precipitin arcs in gel diffusion studies. These 
t Maize! ,fV .fr: Unpublished data 
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F IG. 5. Double diffusion in agarose gel. Center well contained isolated viral structural protein. Peripheral wells, 
numbered in the schematic diagram, con tained sera from a pa tient with no antibodies to whole virions ( l), from 
patients With antibodies to whole virions (:!- 5), and !rom a rabbit imm un ized with whole virions (6) . 
phenomena were also detected with isolated struc-
tural protein and may be due to aggregation or 
antigenic diversity within t he s ingle protein . Vi-
rions were purifi ed from pools of tissue coll ected 
from various patients , so it is possible t hat virions 
from different patients contain structural proteins 
of very similar electrophoretic mobility but slight 
antigenic variation. 
These experiments were performed with the technical 
assistance of Miss Donna Berg and Miss ,Judith Gluck. 
REFERENCES 
1. Rowson KEK. Mahy BWJ: Human papova (wart) 
vi rus. Bacteriol Rev :31: 11 0, 1967 
2. Massing A\1 , Epstein WL: Na tural his tory of warts: 
a two year study. Arch Dermatol 87 ::306, 1963 
3. Starzl TE. Porter KA, Andres G, Ha lgri mson CG. 
Hurwitz R, Giles G, Terasaki PI, Penn I , Schroter 
GT, Lilly J , Starkie SJ , Pu t nam CW: Long.term 
survival after renal transplantation in humans . 
Ann Surg 172:431, 1970 
4. Almeida JD, Goffe AP: Antibody to wart virus in 
human sera demonstrated by electron microscopy 
and precipitin tests. Lancet 2:120.5. 1965 
5. Gof'fe AP, Alme ida ,JD, Brown F: Further informa-
tion on the a nti body response to wart virus. 
Lancet 2:607 , 1966 
6. Genner ,J: Verrucae vulgares. II . Demonstration of a 
compl ement fixation reaction. Acta Derm Venereol 
(S tockh l 51:365. 1971 
7. Ogilvie MM: Serological studies with human pa-
pova (wart) virus. ,J Hyg (Camb) ()8:479. 1970 
8. Noves WF: Structure of the hum an wart virus. 
Viro logy 23:65. 1964 
9. F'a hey JL, McCoy PF. Goulian M: Chromatography 
of serum proteins in norma l a nd pat hological sera. 
J Clin Invest 37:272. 1958 
10. Scheidegger ,JJ: Une micromethode de l' immuno-
electrophorese. lnt Arch Allergy Appl Tmmunol 
7: lo:3 , 19f>5. 
11. Laem rnl i UK: C leavage of structura l prote ins during 
the assembly of the head of bacteriophage T4. 
Nature (Lond ) :277:680. 1.970 
12. Maize ! JV ,Jr: Acrylamide gel electrophoresis of 
proteins and nucleic aci ds, Fundemental Tech-
niques in Virology. Edited by K Habel , NP 
Salzman. New York a nd London, Academic Press, 
1969, pp :.134- 362 
13. Maize! ,JV Jr: Polyacrylami de ge l electrophoresis of 
viral proteins. Methods Viro l 5:179, 1971 
14. M arcus DM. Grollman AP: Studies of blood group 
substances. I. Ca prine precipitating antisera to 
Le" and Le" blood group su bstances. J l mmunol 
97:867, 1966 
15. Cu lli fo rd B.J: Precipi t in react ions in fo rensic prob · 
]ems. Nature (Lond) 201:1092, 1964 
16. Noves WF: Verrucae: virus structure. locali zation of 
antigens, and comparison with the S hope papil-
loma. Cancer Res 28: t:i21, Hl68 
17. Rob !. in R, Harle E , Dulbecco R: Polyoma virus 
proteins. I. Multiple vi rion components. Virology 
45 :555, 197 1 
